Introduction
During a single skiing season throughout Switzerland, around 1000 alpine skiers and snowboarders per day present with injuries serious enough to require medical treatment [1] . Some are minor, but others are associated with increased morbidity and mortality [2] [3] [4] [5] . Head and spinal trauma are among the most devastating injuries and can cause costs for the individual and the community [2, 7, 8] . Insurance companies therefore regularly launch large injury prevention campaigns [1, 6] . Our prior research has focused on risk factors in alpine skiing and snowboarding, and found a trend towards lower helmet wearing rates in injured snowboarders [3] [4] [5] . Very little is known, however, about the way injuries influence subsequent behaviour. For example, do these patients continue skiing or snowboarding in the next season, and are they more likely to wear protective clothing? Such findings may provide important information for prevention and intervention campaigns. We therefore investigated the association between ski and snowboard injuries and changes in the use of protective equipment in the subsequent season.
Patients and methods

Participants
This study compared protective clothing wearing rates amongst injured alpine skiers and snowboarders in the 2007/2008 and 2008/2009 seasons. All injured adult (≥16 years) alpine skiers and snowboarders who were admitted to a level I trauma centre during the 2007/2008 skiing season were eligible to participate and were interviewed about wearing protective equipment (e.g., helmet and back protectors) on the slopes [3, 4] . Patients were excluded who were not able to be contacted by phone in 2008/2009 after three attempts or who did not agree to take part in the study.
Procedures and outcome
During the 2007/2008 season, patients injured when alpine skiing or snowboarding had been interviewed on admission to the emergency department or during their hospital stay, using a standardised questionnaire about behaviour on the slopes [3, 4] . Patients were excluded if they were severely intoxicated or had suffered intracranial bleeding, skull fractures, or persistent retrograde amnesia, or exhibited a Glasgow Coma Score (GCS) <14. Patients with concussion were included if their GCS was 15 and they were able to fully and coherently understand and answer the questions. The questionnaire was available in English, French and German. The same patients were contacted by phone by a trained medical student at the end of April 2008/2009 and were reinterviewed about wearing protective equipment. Participation in the study was voluntary and anonymous, and confidentiality was guaranteed. Data were collected, stored, analysed and shared according to the ethics committee standards of the Inselspital Bern. The injury severity score (ISS) was calculated for all patients, using the 2008 Abbreviated Injury Scale [9] . The primary outcome was the difference in protective equipment wearing rates between the two seasons.
Statistical methods
The data were analysed in two steps. Firstly, McNemar tests were used to determine overall differences in protective clothing wearing rates between the two seasons. Secondly, the study attempted to identify participants who had not worn protective clothing before their injury. Multiple logistic regressions, with age, gender and ISS as predictors, were used to compare findings in those who started wearing protective equipment after injury and those who did not [9] .
Results
Study population
As shown in figure 1, 132 patients (92 alpine skiers, 40 snowboarders) were interviewed during the 2007/2008 season. A total of 28 patients were no longer able to be contacted at the address provided, leaving 104 patients (76 alpine skiers, 28 snowboarders) to be interviewed for the 2008/ 2009 season, 7 of whom declined. A total of 10 skiers and one snowboarder had abandoned winter sports due to their injury, and 2 snowboarders had quit snowboarding for other reasons (pregnancy, costs of winter sports). We therefore had a sample of 84 patients who had continued with winter sports in the 2008/2009 season, of whom 61 were alpine skiers and 23 were snowboarders. The patients had a median age of 39 years (interquartile range [IQR] 27.00-48.50), and 59 (70.2%) were male. The median ISS was 4 (range 1-29). A breakdown of patients included in the study is shown in table 1. The distribution of injured body regions and the injury severity are shown in table 2. Table 3 summarises the changes in protective equipment wearing rates between the two seasons. After sustaining an injury, 32 patients (22 alpine skiers and 10 snowboarders) started to wear a helmet and 8 patients (5 alpine skiers and 3 snowboarders) started to wear a back protector (table 3) . None of the patients who had worn a helmet or back protector prior to injury abandoned wearing these after the injury. In contrast, total numbers of patients wearing knee and wrist protectors dropped from 6.0% to 4.8% and from 13.1% to 11.9%, respectively, after sustaining an injury (table 3) . Overall, helmet and back protector wearing rates increased from 40.5% to 78.6% and 14.3% to 23.8% respectively. The helmet wearing rate more than doubled in snowboarders (from 39.1% to 82.6%, p = 0.002). The back protector wearing rate more than doubled in alpine skiers, although this difference was not statistically significant (from 6.6% to 14.8%, p = 0.063). The changes found for knee or wrist protectors, which were worn by only a minority of patients in the present study, were not statistically significant (table 3) . As shown in table 4, younger injured alpine skiers decided to wear back protectors more often in the subsequent season than older skiers. There was no significant age effect in injured snowboarders. No difference was observed for gender or ISS in injured alpine skiers or snowboarders who started wearing a helmet or back protector in the subsequent season. Flow chart of study patients. Our results are based on self-reported data, and it is possible that some participants use protective equipment less regularly than others, and that some people over-reported protector wearing rates. Small differences between these data at the two time points are possible. Unfortunately, our database did not collect data on the duration of injury-related constraints, which might differ widely between individuals, or multi-morbidity, which is strongly correlated to the patients' age. The median age of our study population was 39 year, with interquartile ranges from 27.0-48.5, indicating that most of our study population was unlikely to suffer from multi-morbidity. A population-based survey on non-injured alpine skiers and snowboarders, conducted by the Swiss Council for Accident Prevention (BfU) in the same periods as our study, showed only a small increase in helmet wearing rates from 55% to 63% in alpine skiers and from 70% to 71% in snowboarders [10] . In this survey, the rate of wearing back protectors increased from 6% to 13% in alpine skiers and decreased from 41% to 38% in snowboarders [11] . Further studies on the effect of wearing protective equipment after an injury in winter sports should include case-control studies comparing the attitudes to wearing protective clothing in injured and non-injured alpine skiers and snowboarders over several skiing seasons. There is growing evidence that wearing a helmet protects skiers and snowboarders from head injuries [12, 13] . Despite the inherent risks of not wearing protective equipment, helmets are not mandatory on ski slopes in Switzerland. Many skiers and snowboarders might regard them as an encumbrance. However, some countries, notably Italy, Croatia and Austria, have made helmet use for children com- pulsory [7] . Empirical studies have so far provided less robust evidence that back protectors prevent spinal injuries [14] . Similarly to prior publications, this study showed that snowboarders wear protective equipment more frequently than alpine skiers [3, 4] . This might be due to the younger median age of snowboarders (28 years vs. 44 years). Furthermore, we observed that younger alpine skiers changed to wearing protective equipment after injury more often than older alpine skiers. Therefore, a possible strategy to encourage helmet wearing and change attitudes towards protective equipment might be via advertisements aimed at young adults, for example by involving persons with a social impact promoting the benefits and 'coolness' of protection. Similar approaches have been used successfully for HIV, tobacco and car-injury prevention campaigns [15] . The evidence is even less clear on the human factors which may influence the decision to buy protective devices. In one of the few studies published, Jung et al. observed that neurosurgeons in Austria who have treated patients with head injuries were more likely to wear helmets themselves than a control group of surgeons who had not treated head trauma patients [7] . It is evident that a broad range of psychological processes have to be involved in research into such complex judgement-and decision-making processes as choosing whether to wear protective equipment when skiing [16] . In addition to conscious processes, subconscious processes may play an important part, and affective processes may be just as important as cognitive processes, such as weighing up the risks and benefits of helmet use. A further factor involved is unrealistic optimism, which may be broader and more pronounced in some individuals than the perceived risk of sustaining an injury without protection [17] . Research into long-term behaviour in the use of protective equipment, specifically whether its use is maintained, increases or decreases, will also be necessary for the efficient design of informational programmes to encourage its use.
Comparison of the 2007/2008 and 2008/2009 seasons
Conclusion
Injuries could be a trigger for skiers and snowboarders to start wearing protective equipment, such as helmets and back protectors. This might be especially true for young adults. Those who do not yet use protective equipment may be convinced to do so by high-profile media campaigns, including reports from ski or snowboard injury survivors, rather than by 'textbook advice'. The psychological processes influencing the use of protective equipment require further investigation.
